DVD is an enigmatic disorder characterized by a slow ascent of one eye followed, after a period of time, by a slow descent of the higher eye back to the neutral position.
The deviating eye frequently extorts during its ascent, then intorts as it descends to resume fixation. DVD manifests when binocular visual input is mechanically, optically, or sensorially preempted.' During the period of vertical misalignment, visual input from the hyperdeviated eye is usually suppressed by the brain so that affected individuals do not experience diplopia. 1 ' 3 Since the intermittent hyperdeviation of one eye is unassociated with a corresponding hypotropia in the non deviated eye on alternate cover testing, DVD is said to ignore Hering's law and seems to defy explanation according to current concepts of neuroanatomy' DVD emerges as a delayed phenomenon in children with infantile strabismus.' It occurs most commonly in congenital esotropia but is also observed in congenital exotropia and following surgical realignment of the hypo tropic eye in congenital "double elevator" palsy.' As succinctly stated by Helveston " .. DVD is a reflex type of event that is programmed to occur if the appropriate mechanisms for nullifying its expression are not functional." 2 Any neurophysiological mechanism to account for DVD must incorporate the following observations: 1) "Bilateral" DVD does not exist in the sense that both eyes never drift up simultaneously. 1 The lower eye always maintains fixation. 2) An inverse form o£ DVD, in which an eye drifts downward below horizontal position, has only rarely been observed' Why should this intermittent vertical deviation manifest only as a hypertropia, and why should this hypertropia alternate between the two eyes? 3) The amplitude of the hyperdeviation is often asymmetrical in the two eyes, and DVD may be unilateral in amblyopic eyes.
4) The slow velocity of the upward and downward drift of the deviating eye does not resemble a saccade or pursuit movement but rather a slow divergence in which fixation is constantly maintained by the nondeviating eyeY 5) The vertical amplitude of DVD is variable, making accurate measurement difficult. 10 In 1935, von Holst reported that a fish tends to orient its dorsal surface toward the direction of maximal light intensity. 10 • 11 A fish restrained in an upright position and illuminated from one side will move the eye that is ipsilateral to the light source downward and the contralateral eye upward.l{)-Jl These postural and ocular responses to unilateral illumination are righting reflexes that function to reorient the body and eyes with respect to the apparent visual vertical, as judged by the direction of maximal light. Either reflex is only partly compensatory, with its gain determined by the interplay of visual and vestibular drives. 12 Von Holst discovered that visual and otolithic signals are yoked within the central vestibular system to establish postural orientation in the roll plane. In the restrained, labyrinthectomized animal, labyrinthine input can no longer curb the visually-induced postural reflex, and the vertical deviation of each eye in response to a lateral light stimulus is approximately doubled. 12 If the dorsal light reflex in fish resulted from otolithic imbalance, ablation of the otoliths would abolish it rather than increase it. The enhancement of this visual righting reflex in the absence of vestibular input demonstrates that the dorsal light response is a visually-mediated ocular tilt reaction which is counterbalanced by the otoliths.U When the right labyrinth is removed and the left eye is blinded, visual and utricular tone summate and the fish will commence permanent rolling to the right. Thus left utricular activation has a similar effect to unilateral illumination of the right eye, and it counteracts the effect of unilateral illumination of the left eye. In this way, visual information pertaining to light-asymmetry in the two eyes converges with utricular input pertaining to gravitational asymmetry at the level of the vestibular nuclei to modulate postural reflexes.
'
The dorsal light reflex bears a profound resemblance to DVD. (For purposes of comparison, dorsal can be conceptualized as the direction from which vertical sunlight illuminates the labyrinths in both fish and man). In fish, the amplitude of the dorsal light response increases with the intensity of illumination. In DVD, the finding of variable vertical amplitudes in the two eyes must also be a function of the degree of visual input asymmetry, as evidenced by the Bielschowsky phenomenon in which the amplitude of the DVD can be titrated by placing filters of varying density before the fixating eye.
1 Indeed, clinical observations by Bielschowsky \ and scleral search coil recordings by van Rijn et aJl 5 have shown that small degrees ofDVD can be evoked by monocular occlusion in normal individuals. In the dorsal light response and in DVD, the vertical deviation of the eyes occurs slowly and persists for a variable period of time after the inciting stimulus is removed. 13 • 16
The common finding of a decreasing exponential waveform in the dorsal light response and in DVD suggests that the driving force is proportional to the deviation from an altered postural equilibrium. 13 • 15
Neuroanatomical studies in goldfish have shown that direct retinofugal projections to the pretectal accessory optic nuclei and the lateral valvuli of the cerebellum control the dorsal light reflex. If reduced visual input to one eye is treated by the brain as a tilt, then the vestigial role of DVD should be to equilibrate visual input between the two eyes. For this to be the case, the central vestibular system must incorrectly interpret decreased visual input to one eye as being equivalent to a hypotropia, and respond with a visual vertical vergence reflex. In humans, the oblique muscles have been found to play the predominant role in visual vertical vergence movements, as demonstrated elegantly by Enright' 1 and elaborated on by others. 22 . 23 Clinical observation 1 and scleral search coil recordings"·'' in individuals with DVD have confirmed that extorsion and elevation of the deviating eye is accompanied by a reciprocal intorsion and depression of the fixating eye, 52 which conforms to the vertical vergence mechanism in humansY The prominent role of the oblique muscles in restoring vertical fusion is consistent with the dynamic extorsion of the rising eye that is often seen in DVD, as well as the variable outward drift of the non-fixating eye which reflects the tertiary abducting function of these muscles. The vertical rectus muscles may also participate to some degree since the torsional component of DVD does not increase in abduction and diminish in adduction, as would be expected if only oblique muscle recruitment occurred. 15 Reduced visual input in the left eye would be treated by the brain as a left hypotropia, necessitating simultaneous activation of the left inferior oblique and right superior oblique muscles. Contraction of these muscles would produce a clockwise torsional movement of both eyes, together with infraduction of the right eye and supraduction of the left eye. This vertical divergence would require fixational innervation to the elevators (superior rectus and inferior oblique muscles) of the right eye to counteract the infraducting action of the superior oblique muscle, and thereby maintain fixation. By Hering's law, compensatory fJXational innervation to the elevators of the fixating eye would simultaneously recruit the same muscles contralaterally, which would augment vestibular innervation to these muscles and actively drive the vertical component of the deviation. The observed hyperdeviation in DVD is the composite of two visual righting reflexes; a visne-vestibular reflex which activates it, and a compensatory fJXational reflex which maintains fixation with the visually-advantaged eye and produces an upward (i.e. dorsally-directed) drift of the other eye.
The resemblance of DVD to certain aspects of the utricular ocular tilt reaction has been noted previously."·" However, there is no physiological position of body tilt to induce the central vestibular imbalance that evokes DVD, and no neurological lesion has produced it. 27 The intermittent forms of acquired skew deviation that have been documented in patients with midbrain lesions have not been associated with extorsion of the ascending eye or intorsion of the descending eye, as occurs in DVD. 28 ' 31 Vertical divergence of the eyes with these "inverse" torsional characteristics seems to be a signature of abnormal binocular vision.
DVD is an inverse skew deviation that is the visual counterpart of neurological skew deviation; the former is a visuo-vestibular ocular tilt reaction while the latter is a utricular ocular tilt reaction. A visual imbalance from the two eyes modulates the afferent limb of DVD, while a graviceptive imbalance from the labyrinths modulates the afferent limb of neurological skew deviation. If the utricular ocular tilt reaction and the dorsal light response function together as complementary righting responses in lower lateral-eyed animals, it is difficult to imagine that one mechanism (the utricular ocular tiltreaction) would be retained to such a degree in frontal-eyed animals and the other (the dorsal light response) completely discarded. In humans, as in lower animals, these ocular tilt reactions are complementary "mirror image" righting reflexes, as evidenced by the observed extorsion of the rising eye in DVD and the intorsion of the rising eye in the ocular tilt reaction.
CONCLUSION:
Propose that DVD is an atavistic dorsal light reflex that enables unequal visual input to activate a visuo-vestibular ocular tilt reaction. In lower animals, the dorsal light reflex functions to equilibrate visual input by simultaneously increasing dorsal light input to one eye and decreasing it to the other. In humans, the observed vertical drift of one eye is upward because the eye with greater visual input is generally used for fixation and the movement of the visually-disadvantaged eye is dorsally-directed. The absence of a corresponding hypodeviation on alternate cover testing reflects the instantaneous shift in visual advantage to the uncovered eye that occurs with monocular occlusion. This hypothesis explains the reciprocal nature of the observed hyperdeviation, the dynamic torsion that distinguishes DVD from other forms of skew deviation, and the tight link between DVD and visual fixation.
